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SIR: 

I, Yuusuke Sato, state that: 

1 . I have a master's degree from the University of Tokyo, which I received in 1987. 

2. I have been employed by Toshiba for 22 years as a researcher in the field of 
chemical engineering related to chemical vapor deposition and fuel cell system development. 

3. I understand the English language or, at least, that the contents of the Declaration 
were made clear to me prior to executing the same. 

4. I am familiar with the above-identified application and know that the current 
claims, illustrated by Claim 1 , define a fuel cell system comprising: a fuel tank storing a fuel 
comprising dimethyl ether, water, 5-10 wt% of methanol, the mixing ratio of dimethyl ether 
and water is in a range of 1 :3 to 1 :4; a vaporizer configured to vaporize the fuel; a reformer 
configured to reform the vaporized fuel into a hydrogen rich gas; a CO gas removal apparatus 
configured to remove CO gas in the hydrogen rich gas; and a fuel cell unit configured to 
generate electricity by electrochemical reaction of the hydrogen rich gas and oxygen. 
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5. I understand that the U.S. Patent Office has continued to reject the claims of this 
application as being obvious in view of the combination of U.S. 2002/0182460 (Okamoto), 
U.S. 6,777,1 16 (Muller) and U.S. 2004/01 10046 (Pan). 

6. First and significantly, both Okamoto's fuel cell and Pan's fuel cell include two 
fuel tanks, one for water and one for methanol. Specifically see FIG. 1 of Okamoto features 

1 and 2 and FIG 1 A of Pan features 102 and 110. In Claim 1 of this application, a single fuel 
tank contains water, methanol and DME and is different. 

7. Further, special considerations had to be made and careful study of the problem 
with having a single fuel tank with DME, water and methanol. As both Okamoto and Pan 
teach keeping these fuel components separately, I find no guidance as to how to achieve the 
careful balance of fuel dissolution and energy density per unit are of the fuel. 

8. I have previously submitted data demonstrating that the concentration of methanol 
at 5-10 wt% is better than methanol concentrations less than 5wt% and greater than 10% for 
both dissolution of the fuel components and the energy density. 

9. 1 understand that the Examiner has not found that this previous submission 
demonstrated results that were unexpected. I disagree. 

10. To the importance of the claimed concentration range of 5-10 wt% of MeOH. 

1 1 . 1 submit the calculation result of "S/C ratio" of the present invention and Pan's 
disclosure, based on the data represented in the declaration submitted on October 30, 2009. 

12. information about S/C ratio> 

Referring to the Japanese Patent Application Laid-Open H10-144335 (specifically, o 
paragraphs [0003]-[0004]), attached. 

The supply ratio of the source gas and the steam to the reformer can be expressed by 
the numerical value of the steam-to-carbon ratio (hereinafter called as "S/C ratio"). The S/C 
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ratio increases when the relatively larger amount of steam is supplied. The S/C ratio 
decreases when the relatively larger amount of the source gas is supplied. 

It is preferable that the S/C ratio is kept to be as small as possible in the RHFC system 
because it makes it easy to take out the surplus heat and use the surplus heat for other 
purposes. However, if the S/C ratio is too low, carbon would be deposited onto the catalytic 
surface of the reformer and thus, the catalyst surface could be poisoned. Accordingly, the 
functions of the catalyst could not be properly demonstrated. 

The theoretical minimum value could be 2.0. Also, the value of S/C ratio may be 3.0 
to prevent the poisoning of the catalyst. 

Calculation method of the S/C ratio > 

The chemical symbol for DME is "CH3-0-CH3" and therefore 1 mol of DME gives 2 
mole of Carbon. 

The chemical symbol for MeOH is "CH30H" and therefore 1 mol of MeOH gives 1 
mole of Carbon. 

Therefore, the S/C ratio is calculated by the following formula: 
S/C ratio = (number of moles of H20)/[(number of moles of DME X 2)+(number of 
moles of MeOH XI)] 

13. In the claimed invention. 

(A) In the case that the methanol concentration of the claimed fuel is 5wt% 
The number of moles for H20, MeOH and DME contained in lmL of MeOH solution is 
as follows: 

H2O=0.052mol 

MeOH=0.0015mol 

DME=0.013mol 

Therefore S/C = 0.052mol/ (0.0 1 3mol X 2+0.001 5mol) =1.89 
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(B) In the case that the methanol concentration of the claimed fuel is 10wt% 
The number of moles for H20, MeOH and DME contained in lmL of MeOH solution is 
as follows: 

H2O=0.049mol 

MeOH=0.0031mol 

DME=0.017mol 

Therefore, S/C = 0.049mol/ (0.0! 7mol x 2+0.003 lmol) =1 .32 
Therefore, 

H20 : DME+MeOH(5%) -* S/C ratio = 1.89 
H20 : DME+MeOH(10%) -» S/C ratio =1.32 

The S/C ratio of the claimed invention would be 1.32-1.89 . 



14. Pan's disclosure 

Pan is described by "weight %". 

In order to calculate "S/C ratio", I converted the values of Pan's disclosure by using data 
described in the attached Documents: 

Document 1 : The Chemical Society of Japan "The Chemical Handbook: Basic Edition; 
Revised 5 th Edition" (Table 6.22 describes specific densities of "MeOH/H20 at 20 °C) 

Document 2: http://www.methanex.com/products/documents/TISH iapanese.pdf 
p6 (Document 2 describes conversion results of weight% MeOH- mol% MeOH- Volume% 



MeOH) 
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By using data of documents 1 and 2, the numbers of moles of Pan's disclosure are 
calculated as follows: 

MeOH(5%) -^2.87mol%, specific gravity:0.99 g/mL 
MeOH(10%) -*5.88mol%, specific gravity: 0.98 g/mL 

S/C ratio (MeOH (5%)) = (100mol-2.87mol) / 2.87mol =33.8 
S/C ratio (MeOH (10%)) = (100mol-5.88mol) / 5.88mol =16.0 

Therefore, S/C ratio of Pan's invention would be 16.0-33.8 . 

15. What does this mean? The methanol range between the claimed fuel and Pan's 
fuel is seemingly similar because both of claimed fuel and Pan's fuel disclose 5-10% of 
methanol. However, as understood from the above calculation results, Pan's fuel is 
completely different fuel from claimed fuel because the amounts of the S/C ratio are 
significantly different from each other. 

16. That is to say, as shown in the paragraph (0023) of Pan's disclosure, Pan merely 
discloses that the fuel including 1-10 wt% (3-5 wt%) of methanol could be applicable for 
only the "direct methanol fuel cell (DMFC) type. " There is no suggestion or teaching of 
Pan's fuel to be applicable to the Reformed type fuel cell (RHFC). 

17. While I understand that the Examiner contends that if the fuel cell is to be used in 
an application that requires high power out put, the optimal range of fuel concentration may 
become 5-10% by weight. However, applicant consider that Pan could not be incorporated to 
the fuel system of Okamoto because with regard to fuel efficiency, the principle of the DMFC 
as disclosed in Pan and the principle of RHFC as disclosed in claimed system are completely 
different. 
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1 8. If Pan's fuel is applied to the claimed system, S/C ratio of the fuel becomes 
dramatically higher than the claimed S/C ratio (more than one digit larger than claimed value) 
and thus, the fuel efficiency of the claimed fuel system would be significantly low. As a 
result, the system having a high efficiency for reforming fuel to hydrogen rich gas and a high 
efficiency for generating electricity with a small and simple structure (see page 2, line 17, of 
the present specification) could not be achieved. 

19. Therefore, I consider that Pan's disclosure could not be incorporated into the fuel 
cell system of Okamoto as modified by Muller et al. 

20. As explained in my previous Declaration, the concentration between 5 and 10 
wt% was something that required careful study so that the dissolution of the components 
could be maintained, i.e., methanol separates from DME/water, which I believe is why 
Okamoto and Pan teach to keep them separate, only mixing through pumps when needed in 
the reactor. This was shown in the Declaration to be at about 5 % methanol. However, this is 
a fuel cell and therefore another important consideration in the type of fuel cell contained in 
the claims when being supplied from a single tank containing DME, water and methanol is 
the energy generated by that fuel in the cell. As described in my previous Declaration, if 
methanol is added in an amount greater than 10wt%, the energy density for each unit area of 
the fuel is decreased. 

21 . That this careful balance of a fuel contained supplied by a single tank was 
achieved at the specific concentrations and ratios as defined in the claims was achieved was 
not expected from what is taught by Okamoto, Pan and Muller. Indeed, I don't see how that 
could have been expected when as discussed before and above, the types of fuels and the 
manner in which they are contained and supplied to the reactor are completely different from 
what is defined in the claims of this application. 
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22. The undersigned petitioner declares further that all statements made herein of his 
own knowledge are true and that all statements made on information and belief are believed 
to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of this application or any patent issuing thereon. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell apparatus 
and a driving method for the apparatus by which a catalyst 
is prevented from being poisoned and a reaction by the 
catalyst can be sufficiently carried out even in a high load 
region and a prescribed electricity generating efficiency can 
be maintained even in a low load region. 
SOLUTION: A load of a fuel cell is measured by a load 
detecting means 32, a S/C(steam/carbon) ratio is 
determined by a S/C ratio determining means 40 based on 
the measured load, and the supply amounts of steam A2 
and a raw material gas A1 to be supplied to a reformer of a 
fuel cell are controlled by supply amount controlling means 
56, 58, V2, V3, 42, 43 based on the determined S/C ratio. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A load detection process which measures load of a fuel cell, and a process of determining a 
steam carbon ratio based on measured load, An operating method of a fuel cell device including a 
control process made into a steam supplied to a reformer of a fuel cell, and a steam carbon ratio 
which controlled the amount of supply of material gas and was determined at said process. 
[Claim 2]An operating method of a fuel cell device of claim 1 including a recycling process which 
branches reformed gas sent to a fuel cell from a reformer, and adds a part of reformed gas to 
material gas in front of refining. 

[Claim 3]A load detection means to measure load of a fuel cell, and a steam carbon ratio 
determination means to determine a steam carbon ratio based on measured load, A fuel cell device 
including a steam supplied to a reformer of a fuel cell based on determination by a steam carbon 
ratio determination means, and an amount-of-supply regulation means which controls the amount of 
supply of material gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a fuel cell device which generates material gas and a 

steam as a raw material, and an operating method for the same. 

[0002] 

[Description of the Prior Art]When operating a fuel cell, material gas and a steam are first supplied 
to a reformer, and after refining is carried out to the gas (hydeogen-rich gas: reformed gas) which 
includes a lot of hydrogen, they are supplied to a fuel cell body. 

[0003] Here, about supplying material gas and a steam to a reformer at what kind of rate, it is 
expressed for the numerical value of a steam carbon ratio (mol ratio: describe it as the following 
"S/C ratio"). That is, if a S/C ratio increases and the rate of material gas increases relatively when 
there is much quantity of a steam, a S/C ratio will fall. 

[0004]Since excessive quantity of heat will be taken out outside and it will be easy to use 
effectively separately if a S/C ratio is small, a thing small as much as possible is desirable. However, 
if a S/C ratio is small, it will be in what is called the state to which carbon deposited in the catalyst 
surface of the reformer, and the "state where the catalyst carried out poisoning", and the reaction 
promotion function of a catalyst will no longer be exhibited. And although the theoretical minimum of 
a S/C ratio is 2.0, it makes the S/C ratio about 3.0 by actual operation (fuel cell) in order to prevent 
poisoning of a catalyst. 
[0005] 

[Problem(s) to be Solved by the Invention]However, when a S/C ratio is operated about by 3.0, in 
the field where the load of a fuel cell is low, the problem that desired generation efficiency (apparent 
generation efficiency) is not acquired exists. The reason is explained with reference to drawing 5 . 
[0006]In drawing 5 , the steam yield (steam yield) of a fuel cell device is ultimate-lines a-m-n, The 
production of electricity (kW: cell production of electricity : the initial complement of raw materials 
and mineral fuel proportionality) of a fuel cell is ultimate-lines b-r-p, and, as for the water vapor 
content (the amount of required steam) required for operation of the ultimate lines c-0 and a fuel 
cell device, ultimate-lines d-m-p and generation efficiency are shown for the external output (kW) 
by ultimate-lines e-r~0. and — in the field where a load factor is larger than the part shown with the 
numerals r — generation efficiency — being fixed (the range of ultimate-lines e-r) — in the field 
(the range of the ultimate lines r-0) where a load factor is small, generation efficiency is falling from 
the numerals r. 

[0007]In the field (field of ultimate-lines m-n) where a load factor is small the numerals r and a load 
factor from the same part m, A water vapor content (the amount of required steam) required for 
operation indicates a fixed numerical value to be a load factor independently, and the production of 
electricity (cell production of electricity) of a fuel cell also serves as a fixed numerical value to the 
amount of required steam in the field of ultimate-lines r-p. And in the field where a load factor is 
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small (field of ultimate-lines r-p), in generating only the production of electricity proportional to an 
external output, it does not attain in the amount of steam which needs the amount of generating 
steam for refining. Therefore, the electric power for generating a steam required for refining of a fuel 
cell out of a cell production of electricity is used preferentially. Therefore, in the field (the range of 
the ultimate lines r-0) where a load factor is small, generation efficiency falls from the numerals r. 
[0008]This invention is proposed in view of the problem of the conventional technology mentioned 
above, and aims at offer of a fuel cell device which can hold predetermined generation efficiency 
also in a low loading field, and an operating method for the same. 
[0009] 

[Means for Solving the Problem]A load detection process in which an operating method of a fuel cell 
device of this invention measures load of a fuel cell, A control process made into a process of 
determining a steam carbon ratio (S/C ratio) based on measured load, a steam supplied to a 
reformer of a fuel cell, and a steam carbon ratio (S/C ratio) which controlled the amount of supply 
of material gas and was determined at said process is included. 

[001 0]A load detection means by which a fuel cell device of this invention measures load of a fuel 
cell, A steam carbon ratio determination means (S/C ratio determination means) to determine a 
steam carbon ratio (S/C ratio) based on measured load, A steam supplied to a reformer of a fuel 
cell based on determination by a steam carbon ratio determination means (S/C ratio determination 
means) and an amount-of-supply regulation means which controls the amount of supply of material 
gas are included. 

[001 1]According to this invention constituted by this appearance, in a field where load or a load 
factor is large, a load detection means detects that and a S/C ratio is determined as a big numerical 
value by a S/C ratio determination means. By this, the amount of hydrogen gas per unit catalyst is 
made proper, and a rate of material gas over a steam is made small, and poisoning is prevented. On 
the other hand, in a field where load or a load factor is small, a S/C ratio is determined as a small 
numerical value. Since the amount of required steam will decrease if a S/C ratio becomes small, as 
compared with a case where a S/C ratio is high, a steam yield exceeds the amount of required 
steam, and an export steam also generates a side with a low load factor. Therefore, even if it is a 
field where a load factor is low, the necessity of generating a steam by a production of electricity 
which should be taken out outside is lost. When putting in another way, as a result of a S/C ratio's 
becoming small and the amount of required steam decreasing, a critical point which an export steam 
generates, i.e., a critical point to which generation efficiency falls, shifted to a side with a small load 
factor. 

[0012]Here, in an operating method of a fuel cell device of this invention, it is preferred to branch 
reformed gas sent to a fuel cell from a reformer, and to include a recycling process which adds a 
part of reformed gas to material gas in front of refining. 

[0013]For example, by JP,7-215701,A, by recycling a part of reformed gas in a stage in front of 
refining, and decreasing the amount of carbon deposition to a catalyst, even if it falls a S/C ratio, 
art which can prevent poisoning is indicated. 

[001 4]A driving device of a fuel cell device of this invention branches from a reformed gas passage 
which sends reformed gas to a fuel cell from a reformer, It is preferred to include a reformed gas 
recycling passage which joins a material gas passage which supplies material gas in front of refining 
to a reformer, and a branch flow rate regulation means which is infixed in this recycling passage and 
adjusts a branch flow rate from a reformed gas passage. 

[00 15] Although gas by which refining was carried out includes carbon dioxide (C0 2 ) and hydrogen 
(H 2 ), even if carbon dioxide (C0 2 ) does not carry out carbon deposition, works as a diluent of coal- 
for-coke-making-ized hydrogen concentration, therefore makes a S/C ratio low, there is little fear 
of poisoning. 
[0016] 
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[Embodiment of the InventionjHereafter, one embodiment of this invention is described with 
reference to drawing 1 -4 of an accompanying drawing. In a figure, the same numerals are given to 
the same member, and duplication explanation is omitted. In drawing 1 , the fuel cell device of this 
invention shows the whole with the numerals 10. 

[001 7]Material gas (arrow A1) and a steam (arrow A2) are supplied to the fuel cell device 10 via the 
passages 12 and 14, respectively. Here, the amount of supply of the material gas A1 and the steam 
A2 or the rate of a delivery late (S/C ratio) is adjusted by controlling the opening and closing valve 
V2 and the opening of V3 (a control mode is mentioned later), respectively. The air shown in the fuel 
cell device 10 by arrow A3 is also supplied, and this air A3 is supplied to the air pole of the fuel cell 
body (cell) 24 via the passage 16, and it is supplied to a reformer burner via the passage 18. 
[0018]The material gas A1 and the steam A2 which were supplied via the passages 12 and 14 join 
with the ejector 20, and are supplied to the reformer 22 via the passage 21. Fuel gas CH 4 and steam 
H 2 0 supplied to the reformer 22 becomes mixed gas (hydeogen-rich gas: reformed gas) with carbon 
dioxide C0 2 which included many hydrogen gas H 2 by the reaction in the reformer 22. And reformed 
gas is supplied to the fuel electrode of the fuel cell body (cell) 24 via the passage 23. 
[0019]From the passage 23, the passage 27 which infixes the opening and closing valve V1 has 
branched, and this branch passage 27 joins the supply path 12 of the material gas A1 (with upstream 
of the ejector 20). 

[0020]The reformed gas discharged from the fuel cell body (cell) 24 is supplied to the ****** burner 
26 via the passage 25, and is discharged from the flueway 28. The direct current generated in the 
cell 24 is sent to the inverter 30 via line LD shown in the 2 main lines in d rawing 1 , is changed into 
exchange in the inverter 30, and is supplied to load (arrow LA). 

[0021]The load sensor 32 is infixed in line LD, and the measurement result is sent to the control 
unit 40 via the signal transduction line L1. This control unit 40 is a member applicable to a steam 
carbon ratio determination means. The 1st memory 52 by which the relation of the load and the S/C 
ratio which were detected by the sensor 32 was recorded on the control unit 40 with the gestalt of 
expression, a characteristic figure, or a table, The 1st calculating means 54 that calculates a S/C 
ratio with the memory concerned and the output signal from the sensor 32, The relation between a 
S/C ratio, and the opening and closing valve V2 and the valve opening of V3 is provided with a valve 
opening determination means 58 to determine the opening and closing valve V2 and the valve 
opening of V3 from the 2nd memory 56 recorded with the gestalt of expression, a characteristic 
figure, or a table, and the output and the 2nd memory of the 1st calculating means. And the output 
signal of this valve opening determination means 58, The actuator 42 of the opening and closing 
valve V2 which controls the amount of supply of the material gas A1 via the signal transduction line 
L2 and L3, respectively, It is sent out to the actuator 43 of the opening and closing valve V3 which 
controls the amount of supply of the steam A2, and cheats to the opening corresponding to this 
valve V2 and the S/C ratio which had the valve opening of V3 determined. 
[0022]The valve V2 and the actuator 42 correspond to the amount-of-supply regulation means 
which controls the amount of supply of material gas, and the valve V3 and the actuator 43 
correspond to the amount-of-supply regulation means which controls the amount of supply of a 
steam. And a signal transduction line for the numerals L4 to control the air supply to the air pole of 
the cell 24 and the numerals L5 are the signal transduction lines for controlling the flow of the 
reformed gas for recycling which flows through the branch passage 27. 

[0023]Next, also with reference to drawing 2 and drawing 3 , an operation of the embodiment shown 
by drawing 1 is explained. Here, a S/C ratio shall be determined as two kinds of numerical F1 
( drawing 3 3), and either of F2 (d rawing 3 2) corresponding to load. 

[0024]First, the control in the case of load falling and a S/C ratio falling to 2 from 3 is explained. 
The load sensor 32 detects the load of the fuel cell device 10 (Step S1). And it is judged whether 
the detected load (the example of a graphic display load factor) was less than the predetermined 
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value (numerical value which is case-by-case and becomes settled) (Step S2). Here, let 50% of the 
load factor corresponding to the part shown with the numerals r, m, and q in drawing 3 , i.e., a load 
factor, be said predetermined value in the embodiment of a graphic display. 

[0025]If the detected load is less than a predetermined value (Step S2 is Yes), a S/C (it was 3 till 
then) ratio will be determined as 2 by the 1st memory 52 and 1st calculating means 54 (Step S3). In 
the embodiment of a graphic display, in order to prevent poisoning of a catalyst when a load factor 
is low (when Step S2 is Yes), the opening and closing valve V1 is opened wide, and reformed gas is 
recycled (step S4). 

[0026]If a S/C ratio is determined in Step S3 (S/C ratio =2), the opening and closing valve V2 and 
the opening of V3 will be adjusted so that it may be in agreement with the S/C ratio (=2) as which 
the ratio of the amount of supply of the material gas A1 and the steam A2 was determined. The 
valve V2 corresponding by the 1st output, 2nd memory 56, and valve opening determination means 
58 of the calculating means 54 and the opening of V3 can specifically be found, and it is sent to the 
actuators 42 and 43 of each valve via the line L2 and L3 as a control signal (Step S5, Step S6). 
[0027]Thus, the effect of having changed the S/C ratio to 2 from 3 is explained mainly with 
reference to drawing 3. In drawing 3, the part shown by the agreement x1 shows the point which 
shifts to S/C ratio =2 from S/C ratio =3. S/C ratio = before the surplus of steam is lost in the state 
of three, it shifts to the state of S/C ratio =2. When agreement x2 shifts to S/C ratio =2 from S/C 
ratio =3 in the part shown by the agreement x1, it is a part which shows the amount of required 
steam in S/C ratio =2. It is a point judged that the surplus or margin of steam of the part shown by 
the agreements m2 and q2 is lost also in the state of S/C ratio =2. However, the judgment method 
of the margin of steam changes with each fuel cells. "m2-q2" becomes a margin. The agreement Y 
means the part where said margin (m2-q2) serves as a lower limit, or the part judged that said 
margin is lost. And it is controlled by the field where load is smaller than the part shown by the 
agreement Y so that the amount of export steams (or a margin: m2-q2) becomes fixed. The 
agreement x1 mentioned above, x2, m2, and q2 grade change with characteristics of each fuel cell, 
and need to calculate a mass balance and heat balance with each fuel cell. In drawing 3 , as a result 
of a S/C ratio's changing from 3 to 2 in the part of 50% of a load factor, the ultimate lines of the 
amount of required steam change from d-q-s to d-x1-x2-q2-s2. In connection with this, a steam 
yield changes from the ultimate lines shown by a-r-p to the ultimate lines shown by a-m2~n2, and a 
production of electricity also changes from ultimate-lines b~r-p to ultimate-lines b-y-p2. 
[0028]When a S/C ratio is 3, generation efficiency gets worse from about 50% of a load factor, as 
d r aw i n g 4 also shows it. on the other hand, as a result of setting a S/C ratio to 2, the load factor 
corresponding to the numerals y, m2, and q2, about 30% of a load factor, and until predetermined 
efficiency (about 40%) can be maintained. 

[0029]On the other hand, when load increases and a S/C ratio increases from 2 to 3, the same 
control as this and an outline is performed. That is, S/C will be set to 3 (F1) if load (load factor) is 
larger than a predetermined value (the gestalt of a graphic display 50%) (Step S2 is No) (Step S7). 
And since the reaction in a catalyst will not go well if reformed gas is recycled when load becomes 
high, the opening and closing valve V1 is closed (Step S8). And the valve V2 and the opening of V3 
are adjusted and it adjusts to the opening corresponding to a new S/C ratio (=3), respectively (step 
S9, S10). 
[0030] 

[Effect of the Invention]The operation effects of this invention are enumerated below. 

(1) Also in a low loading field, good generation efficiency is maintainable. 

(2) Poisoning can be prevented also in a high load range. 

(3) Also in a high load range, quantity of the material gas per unit catalyst is not made to increase, 
and a suitable reaction can be maintained. 
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TECHNICAL FIELD 



[Field of the Invention]This invention relates to a fuel cell device which generates material gas and a 
steam as a raw material, and an operating method for the same. 
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PRIOR ART 



[Description of the Prior Art]When operating a fuel cell, material gas and a steam are first supplied 
to a reformer, and after refining is carried out to the gas (hydeogen-rich gas: reformed gas) which 
includes a lot of hydrogen, they are supplied to a fuel cell body. 

[0003] Here, about supplying material gas and a steam to a reformer at what kind of rate, it is 
expressed for the numerical value of a steam carbon ratio (mol ratio: describe it as the following 
"S/C ratio"). That is, if a S/C ratio increases and the rate of material gas increases relatively when 
there is much quantity of a steam, a S/C ratio will fall. 

[0004]Since excessive quantity of heat will be taken out outside and it will be easy to use 
effectively separately if a S/C ratio is small, a thing small as much as possible is desirable. However, 
if a S/C ratio is small, it will be in what is called the state to which carbon deposited in the catalyst 
surface of the reformer, and the "state where the catalyst carried out poisoning", and the reaction 
promotion function of a catalyst will no longer be exhibited. And although the theoretical minimum of 
a S/C ratio is 2.0, it makes the S/C ratio about 3.0 by actual operation (fuel cell) in order to prevent 
poisoning of a catalyst. 
[0005] 
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EFFECT OF THE INVENTION 



[Effect of the Invention]The operation effects of this invention are enumerated below. 

(1) Also in a low loading field, good generation efficiency is maintainable. 

(2) Poisoning can be prevented also in a high load range. 

(3) Also in a high load range, quantity of the material gas per unit catalyst is not made to increase, 
and a suitable reaction can be maintained. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when a S/C ratio is operated about by 3.0, in 
the field where the load of a fuel cell is low, the problem that desired generation efficiency (apparent 
generation efficiency) is not acquired exists. The reason is explained with reference to drawing 5. 
[0006]In drawing 5 , the steam yield (steam yield) of a fuel cell device is ultimate-lines a-m-n, The 
production of electricity (kW: cell production of electricity : the initial complement of raw materials 
and mineral fuel proportionality) of a fuel cell is ultimate-lines b-r-p, and, as for the water vapor 
content (the amount of required steam) required for operation of the ultimate lines c~0 and a fuel 
cell device, ultimate-lines d-m-p and generation efficiency are shown for the external output (kW) 
by ultimate-lines e-r-0. and — in the field where a load factor is larger than the part shown with the 
numerals r — generation efficiency — being fixed (the range of ultimate-lines e-r) — in the field 
(the range of the ultimate lines r-0) where a load factor is small, generation efficiency is falling from 
the numerals r. 

[0007]In the field (field of ultimate-lines m-n) where a load factor is small the numerals r and a load 
factor from the same part m, A water vapor content (the amount of required steam) required for 
operation indicates a fixed numerical value to be a load factor independently, and the production of 
electricity (cell production of electricity) of a fuel cell also serves as a fixed numerical value to the 
amount of required steam in the field of ultimate-lines r-p. And in the field where a load factor is 
small (field of ultimate-lines r-p), in generating only the production of electricity proportional to an 
external output, it does not attain in the amount of steam which needs the amount of generating 
steam for refining. Therefore, the electric power for generating a steam required for refining of a fuel 
cell out of a cell production of electricity is used preferentially. Therefore, in the field (the range of 
the ultimate lines r-0) where a load factor is small, generation efficiency falls from the numerals r. 
[0008]This invention is proposed in view of the problem of the conventional technology mentioned 
above, and aims at offer of a fuel cell device which can hold predetermined generation efficiency 
also in a low loading field, and an operating method for the same. 
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MEANS 



[Means for Solving the Problem]A load detection process in which an operating method of a fuel cell 
device of this invention measures load of a fuel cell, A control process made into a process of 
determining a steam carbon ratio (S/G ratio) based on measured load, a steam supplied to a 
reformer of a fuel cell, and a steam carbon ratio (S/G ratio) which controlled the amount of supply 
of material gas and was determined at said process is included. 

[001 0]A load detection means by which a fuel cell device of this invention measures load of a fuel 
cell and a steam carbon ratio determination means to determine a steam carbon ratio (S/C ratio) 
based on measured load 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-binytran_web_cgi_ejje?atw_u=http%3A 0 /o2F%2Fwww4.ip... 5/14/2009 



JP,10-144335,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Draw i ng 1 ]The block diagram showing an embodiment of the invention. 
[Drawing 2]The figure showing the control flow chart of the embodiment of drawing 1 . 
[Drawing 3] The characteristic figure for explaining the operation effect of drawing 1 and the 
embodiment of 2. 

[Drawing 4]Drawing 1 , the characteristic figure comparing and showing the embodiment of 2, and the 
generation efficiency of conventional technology. 

[D rawing 5]The characteristic figure showing the various characteristics of the conventional fuel cell 
device. 

[Description of Notations] 
10 ... Fuel cell device 

12, 14, 16, 18, 21, 23, 25, 27, 28 ... Passage 
A1 ... Material gas 
A2 ... Steam 
A3 ... Air 

V1, V2, V3 ... Opening and closing valve 

22 ... Reformer 

24 ... Fuel cell body (cell) 

26 ... Reformer burner 

20 ... Ejector 

LD, LA ... Current lines 

40 ... Control unit 

32 ... Load sensor 

52 ... The 1st memory 

54 ... The 1st calculating means 

56 ... The 2nd memory 

58 ... Valve opening determination means 

42, 43 ... Opening and closing valve actuator 

L2, L3, L4, L5 ... Signal transduction line 
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